The epiphytic lichen flora of 37 stands of Platanus orientalis L. (plane) on the Greek mainland from Makedonia in the north to Peloponnisos in the south and in the W half of Kriti has been investigated. It is shown that a rich flora, including several members of the Collemataceae (12 taxa of Collema and 16 taxa of Leptogium), Gyalectaceae, Opegraphaceae and Pannariaceae, is more or less restricted to areas with high precipitation or sites with a humid mesoclimate, while under drier conditions P. orientalis supports mainly taxa of the families Lecanoraceae, Physciaceae and Teloschistaceae. However, elements of both species groups are present in most of the stands. Such a species combination may lend support to the S European Lobaria-Anaptychia nodum of the Lobarion proposed by Rose (1988) . Riparian plane forests are discussed in relation to conservation of biodiversity. Among the 152 lichen taxa encountered, 13 taxa are new to Greece, viz
Introduction
The lichen flora of Greece is at present insufficiently known Christensen & Svane 2009) , and even less is known about its lichen vegetation. Neither the lichen flora nor the lichen vegetation of the zonal vegetation types in Greece, such as the lichen communities of the major forest types, is known to any satisfactory degree. When it comes to azonal vegetation types or special biotopes within the zonal vegetation units, knowledge of the lichen flora and vegetation is virtually unknown.
Azonal riparian forests constitute a special environment different from the surrounding zonal vegetation. Higher humidity is a common feature and in many cases reduced human influence due to difficult topography results in the presence of large old trees. As a consequence the epiphytic flora of riparian forests often deviates substantially from that of the surrounding forests.
Though often small in area, riparian forests of Platanus orientalis L. (plane) constitute a characteristic and important element in the Greek landscape. The plane forests occur naturally from the lowlands to the mountains (Mayer 1984: 529) . The distribution of larger riparian forest complexes in Greece, including P. orientalis stands, was mapped by Bohn & al. (2003: vol. 1, map 20) . The vascular plant flora and vegetation of riparian P. orientalis forests in Greece have been studied by Gradstein & Smittenberg (1977) , Bergmeier (1990) and Moeschhauser & Papp (1994) , who also studied the bryophytes of this habitat. Schuler (2000) briefly mentioned the soil conditions and the ground flora of a riparian Platanus forest in N Greece and Bohn & al. (2003) give a general picture of the floristic composition of E Mediterranean riparian plane forests. Outside their natural habitat plane trees are widely planted to provide shade. Based on herbarium specimens the occurrence of P. orientalis in Greece was mapped by Strid & Tan (2002 : map 1333 .
Platanus orientalis is distributed from the Balkan Peninsula to the W Himalayas (Strid & Tan 2002) . The European distribution is mapped by Horvat & al. (1974: fig. 66 ). Although widespread in Greece, it first appears in pollen records as late as c. 3000 BP, together with Castanea and Juglans (Willis 1992) .
The lichen flora of Platanus orientalis has been little studied. This may be due to the loose scaly bark of trunks and branches of young trees, which make a poor substrate for epiphytes. However, old trees develop a rough and stable bark on the trunks, which provide a suitable habitat for many bryophytes and lichens (Fig. 5) . Due to the overall moss cover of the trunks resulting from the humid environment on the island of Evvia, Krause & Klement (1962) considered P. orientalis as a less important phorophyte for lichens. They included only seven species from Platanus in their species list from Evvia: Collema nigrescens, Crocynia membranacea (Dicks.) Zahlbr., Leptogium lichenoides, Lobaria pulmonaria, Nephroma lusitanicum Schaer. (= N. laevigatum), Peltigera degenii Gyeln. and P. praetextata. Christensen (1994b) studied the lichen flora of plane trees at two Greek localities with different humidity. In the locality with a more dry town environment, among the nine taxa found, species of Lecanoraceae and Teloschistaceae dominated while in the more humid locality in a ravine a large number of cyanophilic lichens were encountered among the 20 species collected. No taxa were in common. These finds motivated the study of a larger number of localities in order to provide an overview of the variation in species composition of different environments. The present study documents the epiphytic lichen flora of 37 stands of P. orientalis on the Greek mainland and on the island of Kriti, the majority being riparian plane forests.
Material and methods
Material for this paper was collected during trips to Greece in 1989 (Christensen 1994b (Christensen ), 1994 (Christensen , 1997 (Christensen , 2002 (Christensen , 2006 (Christensen , 2009 (Christensen and 2011 . The sampling procedure was as follows: at each site all species were collected from a single tree from the base to c. 2 m in height. From the closest neighbouring tree all new species from the same section of the tree were collected. More trees in the close surroundings were examined until no further species were found. More distant trees were examined only if they had niches that were not already studied or if they grew under different conditions (higher up the bank, more shaded, etc.). Thus, the time spent on each site was dependant on the diversity of the biotope. The specimens are deposited in the Botanical Museum of Copenhagen (C) and in the private herbarium of the author. A minor part of the material is deposited in the Botanical Museum in BerlinDahlem (B) and a few specimens are deposited elsewhere (BG).
In the list of taxa the specimens are referred to by their collection numbers. Specimens co-occurring in the herbarium packets of numbered specimens are referred to by the numbers (placed in brackets) of the specimens with which they occur. All co-occurrences are listed, since the number of co-occurrences for the smaller species to a certain extent reflects their abundance on the different localities. Unless otherwise stated the specimens grew directly on the bark on the middle part of the trunks of plane trees. With few exceptions the nomenclature is in accordance with . When other synonyms are used on the labels these are mentioned in the list of taxa. Based on Abbott (2009), Christensen & Svane (2009) and Christensen & Alstrup (2013) , *** denotes taxa new to Greece, ** denotes taxa new to the Greek mainland, and * denotes taxa new to one or more provinces of Greece (i.e. the traditional geographic regions, of which Makedonia, Ipiros, Thessalia, Sterea Ellas, Peloponnisos and Kriti are covered in this paper).
Names of provinces and larger landscapes follow The Times Atlas of the World (1990) . Geographical names for N Makedonia and Sterea Ellas follow "Greece. Mainland (without Thrace) with Crete and Rhodes, 1: 500 000". Kümmerly + Frey, Bern Edition 1988. Names for southern most Makedonia, Ipiros and Thessalia follow "Epiros/Thessaly, 1: 250 000". ROAD Editions, Athens 1995. Names for Peloponnisos follow "Hildebrand's TravelMap Greece: Peloponnese and southern mainland, 1: 400 000". KARTO+GRAFIK Verlagsgesellschaft, Germany 1988 Germany /1989 . Names for Kriti follow "Anavasi 93: Iraklio and Rethimno. 1: 100 000. 2010." and "Anavasi 94: Chania. 1: 100 000. 2007". Both published by Anavasi Maps & Guides, Athens.
The 37 localities below are arranged geographically from NE to SW on the Greek mainland and from W to E on Kriti (Fig. 1) . The latitudes and longitudes given are map readings. Vascular plant taxa in the habitat descriptions are listed in descending order of abundance. Bergmeier (1990) and the habitat photograph in Bohn & al. (2003: Bild 146 Kriti (loc. 28) . It is a typical representative of riparian plane forests in small ravines in the sense that it is partly modified by picnic amenities at the intersection of the road. 
List of localities

Results
List of taxa
Lichens *Agonimia tristicula (Nyl.) Zahlbr.
- (2) (11686); (8) 10731; (11) (12629, 12631, 12632, 12636), 12641, (12643, 12646, 12647, 12654) Caloplaca flavorubescens (Huds.) J. R. (11908); (18) (11891); (23) (12128); (28) (14213); (30) (14196); (32) and 12698a puzzled me for some time. They have a typical nigrescens-type thallus, with prominent ridges and pustules. The isidia are, however, squamiform. This combination of characters could not be keyed out using Degelius (1954) . The only taxon with a ridged and pustulate thallus in combination with squamiform isidia seems to be C. hueanum var. squamosum Degel., but the ridges are not as fine as described and illustrated by Degelius (1974) 10851, 10852, 11922; (14) 12036, (12037, 12041, 12042), 12043, 12044, (12046 (9) 5804a. -Among the specimens originally determined as Lecanora hagenii mainly by use of Clauzade & Roux (1985) , re-examination using the revision by Śliwa (2007) Ellis (1981) the specimens key out as L. pelodes (orange discs of apothecia and spores c. 18 × 9 μm). Morphological and anatomical characters are in accordance with this species, but the substrate is unusual, hence the "cf." (Jørgensen in litt.) . Lemmopsis affine G. Samp., known only from the type locality in Portugal, has smaller spores (11 -12.5 × 4.5 -5.5 μm) and convex apothecial discs (Ellis 1981) . The habitat of L. pelodes is non-calcareous sandy clay (Ellis 1981) . However, in riparian forests in Greece the trunks of plane trees are often coated in clay and silt for a considerable height. This was also the case at the present locality on a bedrock of quartzite. The species was hitherto known from Sweden, Finland, Poland and Lithuania (Ellis 1981; Jørgensen 1988 Jørgensen , 2007 Jørgensen & Motiejūnaite 2005) , and Montenegro (Knežević & Mayrhofer 2009 ) ; hence, the species is here formally reported as new to Greece. It seems that the species is mainly known from W, C and S France (Clauzade & Roux 1985) , though its distribution is unclear as it is uncertain whether literature records refer to L. microphylloides Nyl. or L. microphylloides auct. Leptogium microphylloides auct. non Nyl.
- (2) (11698); (11) (12651); (12) (5734); (26) (13678), 13681 conf. M. G. Otálo-ra, 13682. This taxon is hitherto known from the C and S part of the Iberian Peninsula (Otálora & al. , 2008 , where it "mainly grows in humid valleys and ravines, inside well-preserved forests, from the meso-to supra-Mediterranean belts (750 -1,280 m)" frequently together with species of Collema, Fuscopannaria, Koerberia, Leptogium, Lobaria and Waynea (Otálora & al. 2008) . In the present study the conditions at the localities where L. pulvinatum var. quercicola was found are largely similar. Though present in the supra-Mediterranean belt, the altitude of loc. 6 and 8 was lower, 550 m and 425 m, respectively. Localities 22, 24 and 26 are in the montaneMediterranean belt and loc. 23, at 75 m altitude, is in the thermo-Mediterranean belt (Table 1) . (1994b) . Re-examination of the specimen showed it to be L. subaridum (Jørgensen & Goward 1994) , described from North America and recently found in Europe ). This isidiate species grows on moss-covered ground in relatively dry conditions in forests of Pinus ponderosa P. Lawson & C. Lawson and Pseudotsuga menziesii (Mirb.) Franco in North America. In Europe it seems to be mainly epiphytic on broad-leaved trees in semi-arid to humid conditions (Aragon & al. 2004 -Jørgensen (1994a) stated that this species "usually grows on rotting wood or debris", whereas stated that it grows on old trees "in well-preserved forests with humid and shaded conditions at altitudes of 750 to 1300 m". The latter is more in accordance with the conditions found in the riparian Platanus forests of Greece. Known from the Ionian island of Kerkyra (Corfu) (Christensen & al. 1997 ) and from Kriti (Grube & al. 2001 (12630, 12636, 12637, 12638, 12639, 12640, 12641, 12647, 12650, 12651, 12653) ; (12) (12698, 12699, 12701, 12703, 12706) 
Discussion Species composition in relation to environment
From the relatively high number of localities that include lay-bys, picnic sites, etc. it may seem as if this collector has an inclination towards the comfortable. However, where rivulets with riparian plane forests intercept roads, amenities providing resting place and drinking water are often provided (Fig. 3 & 4) . Also, in general, the narrow, bending mountain roads with steep slopes next to roadways and an abundance of blind bends, along with a rather fatalistic attitude of many Greek drivers, in many cases made parking less than appealing. A lot of promising sites were therefore left unstudied. Being conducted as a purely floristic study, no attempt to quantify the abundance of the species at the localities was undertaken. However, the abundance of the taxa on the different localities is to some degree reflected in the number of co-occurrences enumerated in the species list, at least with regard to the minor species. Particularly abundant at many localities are Leptogium subtile and L. teretiusculum. To a lesser extent this applies to Agonimia tristicula, Caloplaca flavorubescens, C. pyracea, Leptogium lichenoides, L. pulvinatum var. quercicola and Physcia adscendens.
The encountered lichens can be grouped as (1) hygrophytic species, including Lobarion species, (2) Xanthorion and other species of nutrient-rich environments and (3) other lichens that do not belong to either of the above categories (Fig. 6 ). Ecological information for Fig.  6 was extracted from Nimis (1993) and Puntillo (1996) . Some species have, according to these authors, a clear hygrophilous bias in the C Mediterranean area (Italy), though they generally have wider ecological amplitudes or even opposing ecological niches. That lichen species may inhabit different ecological niches in different climatic zones was documented by Poelt (1987) . However, the similar geography of Greece and Italy -both being mountainous north-south-oriented peninsulas in the NC Mediterranean area -gives reason to believe that the ecological statements of Nimis (1993) and Puntillo (1996) can be applied more or less directly in a Greek context.
Climate and vegetation zones
In general, the climatic conditions of the E Mediter ranean riparian plane forests are those of warm summers with a prolonged dry spell, mild winters and frequent precipitation during autumn, winter and spring (Bohn & al. 2003) . However, being an azonal vegetation type ranging through more vegetation zones (Horvat & al. 1974) , the climatic conditions vary with altitude: the cooler environment of higher altitudes creates a more humid environment than similar precipitation does at a lower altitude.
When relating the localities to the potential vegetation of their respective areas (Quézel & Barbero 1985) , there appears to be a direct relationship between the vegetation zones and the number of hygrophytic species (Table 1) .
Stand parameters
A large number of parameters both within the stand and in the immediate surroundings influence the composition of the epiphytic lichen flora, and human influence in varying degrees is present at all sites. No standardized method to quantify these parameters was used. The following is based on observations in the field. The sites modified or altered by humans are mainly found in the lowland and at lower elevations of the E part of the mainland, while at higher elevations on the steeper slopes on the W side of the Pindos Range the surrounding vegetation of the localities is more natural. This gradient in naturalness is, however, paralleled by an increase in precipitation. These two factors are likely to affect the lichen flora in concert. Natural or near-natural riparian plane forests (loc. 2, 5, 6, 7, 8, 10, 11, 12, 15, 16, 17, 19, 20, 21 & 24) generally have a higher number of species and a higher percentage of hygrophytic species than degraded, modified or artificial sites (Fig. 6 ). Especially the natural riparian forests of the high-precipitation area on the W slope of the mountains of Ipiros (loc. 10, 11 & 12) Highly modified stands may be low in species and have only few or no hygrophytic species (e.g. loc. 13). Other modified sites, e.g. by surrounding farmland, may harbour a high percentage of hygrophytic species despite a low number of species (e.g. loc. 33 & 37). At loc. 18 the presence of Lobaria pulmonaria may indicate a former richer flora of this degraded riparian forest in a small, isolated ravine. Random extinction may account for its present species composition (Caloplaca pyracea, Collema auriforme, Lecanora dispersa, Lepraria eburnea, Leptogium lichenoides, L. pulvinatum var. pulvinatum, Lobaria pulmonaria and Porina chlorotica) .
Plane trees in artificial environments (loc. 1, 3, 9 & 26) generally have a low number of species and few hygrophytic species in particular due to reduced humidity compared to natural riparian stands. The high percentage of hygrophytic species at loc. 26 is due to the humid environment of this mountain village at 1125 m altitude (Fig. 2) . Nutrient-enrichment may, however, result in a high number of Xanthorion species (loc. 1, a single tree outside a monastery).
Localities with picnic sites and other recreational activities (loc. 1, 3, 9, 10, 16, 20 & 21) generally have above average numbers of Xanthorion and other nitrophytic species or at least a bias towards such species. Nearby dirt roads and intensive grazing by herds of sheep and goats may also promote establishment of nutrientfavoured species.
In many cases (e.g. loc. 8, 31, 32 & 37) trunks of riparian plane trees were covered high up by clay and silt deposited by the spring flood (Fig. 5) . The height of the flood could often be estimated by the debris caught in the branches of the crowns. This mineral-enrichment of the trunks may be responsible for the presence of some epigeic species, viz.: Lemmopsis pelodes and Leptogium tenuissimum.
The number of hygrophytic species appears to be negatively associated with two parameters: (1) sites where the trees are either planted and/or are found outside the natural biotopes of Platanus orientalis (loc. 1, 3 & 9) or (2) strongly modified to nearly natural habitats at low altitudes of the driest parts of Greece (loc. 4, 13 & 25) . In natural habitats at low altitudes within the dry-climate types, the highest number of hygrophytic species is found on shaded sites where the crown cover is more or less closed (loc. 15 & 23) . In natural habitats at high altitudes the highest number of hygrophytic species were found at sites along rivers and rivulets that are water-bearing during the whole year (loc. 8, 17, 19, 21 & 24) , while at sites with summer-dry streams, fewer hygrophytic species were encountered (loc. 5, 6, 16, 18 & 22). In the highprecipitation area W of the Pindos Range, natural or nearnatural plane forests along permanent streams harbour a high percentage of hygrophytic species (loc. 10 & 11).
Allowing for some deviations from the general pattern, which can be ascribed to local conditions, on Kriti an E-W gradient in species richness and number of hygrophytic species is found with the highest values in the west, in nomos Chanion (loc. 27 -32), decreasing to the east in nomi . This is most likely caused by the gradient in precipitation along the island, though different land-use practices may contribute (more arable land to the east). The number of species per locality is generally lower on Kriti than on the mainland, especially in the easternmost localities (Fig. 6) .
Although many variables influence the species composition of the investigated localities, it may be concluded that the general climate and the potential natural vegetation/vegetation zones govern the general pattern of the epiphytic flora, while the stand parameters and the conditions of the immediate surroundings, notably the topography-influenced local climatic conditions and the present vegetation surrounding the plane stands, may modify the overall pattern to a considerable extent.
Communities
Based on a study of a large number of mainly NW European sites, Rose (1988) concluded that the Lobarion community originally hosted members of the genera Collema, Leptogium, Nephroma and other genera with cyanobacterial photobionts. Lobarion communities in- Fig. 6 . The total number of taxa of each locality classified as hygrophytic (grey), Xanthorion (white) and other species (black). Hygrophytic species include Lobarion species. Some taxa are hygrophytic and require nutrient-enriched bark, e.g. Gyalecta derivata, G. truncigena and Opegrapha rufescens (Nimis 1993) . They are classified as hygrophytic only. The localities belong to the following provinces: Makedonia (1 -6), Ipiros (7 -12), Thessalia (13 -19), Sterea Ellas (20 -23), Peloponnisos (24 -26) and nomos Chanion; [33] [34] [35] [36] nomos Rethymnis; 37, nomos Irakliou) . 
Localities
Number of taxa cluding this contingent are today restricted to the oceanic coastal part of W Europe, some mountain areas of C Europe and to montane areas of the C Mediterranean area (France, Italy) (Rose 1988 Rose (1988) gave only a very short description of this community and presented a short list of species (Rose 1988 : Table 1 ). No-one has reported on this community since. It is therefore unclear which species are faithful and how many of the species of the above mentioned genera are to be included in the Lobaria-Anaptychia community. Varying with the ecological and historical conditions of the sites, the epiphytic communities (including the few collected mosses) found on Platanus orientalis in this study seem to represent more or less well-developed examples of this Lobaria-Anaptychia community. However, the floristic approach of this study can not solve this topic: sociological studies are needed. In Fig. 6 , the distribution of Xanthorion species and hygrophytic species (sensu Nimis 1993) at the 37 localities is presented. Both of these groups include species of the Lobaria-Anaptychia community (Rose 1988) .
The presence of Xanthorion species within the Lobarion community under Mediterranean conditions may not only be due to nutrient enrichment, as dust deposition alone has been shown to stimulate development of communities dominated by species of Xanthoria and Physcia (Loppi & Pirintsos 2000) .
The most common Lobarion species (in the narrow sense of Nimis 1993) were Catinaria atropurpurea, Fuscopannaria mediterranea, Lobaria pulmonaria and Nephroma laevigatum (only 3 -5 localities each). Among the hygrophytic species (sensu Nimis 1993, which include Lobarion species in the broader sense of Rose 1988) , Leptogium subtile and L. teretiusculum were by far the most common (16 and 24 localities, respectively), followed by Agonimia tristicula, Collema auriforme, C. flaccidum, C. furfuraceum, C. nigrescens, C. subflaccidum and C. subnigrescens (8 -13 localities each). Xanthorion species were most frequently represented by Caloplaca pyracea, Lecania naegelii, Physcia adscendens and Xanthoria parietina (11 -17 localities each). Among other nitrophytic species, the most frequent were Lecanora hagenii and Lecidella euphoria (9 and 11 localities, respectively).
Conservation
Lichen species are not evenly distributed in the landscape. Particular circumstances induce a higher number of species than average, or result in a high number of more demanding and therefore rarer species (hotspots -Peterson & McCune 2003) . In forest types dominated by a single or a few tree species, other tree species that constitute only a minor element in the stand structure may contribute significantly to the total biodiversity of the epiphytic lichens. In Swedish forests of Picea abies (L.) H. Karst., for example, Esseen (1981) found Lobarion species on trees of Salix caprea L. and Populus tremula L., but not, or only infrequently and in small amounts, on Betula, Picea, Pinus and Sorbus. Comparable results were obtained from Finnish mixed Picea forests by Kuusinen (1996b) , who also found a higher species richness and more hostspecific species on Salix caprea than on the dominant forest tree, Picea abies. In Finland in Populus tremula pockets on boggy ground within stands of Picea abies, cyanobacterial lichens occurred exclusively or more frequently in old-growth plots (Kuusinen 1996a) . Habitats such as trees on lake sides or riparian forests often harbour a number of hygrophytic, often cyanophilic lichens. A survey of Danish Lobarion localities showed that in Fagus forests trees with Lobaria pulmonaria were almost exclusively found on N-facing slopes, in forest bogs, along rivulets and in other more humid places (Christensen & Søchting 1996) . In the drier parts of the British Isles, Lobarion communities are found in similar places (James & al. 1977) . In the NW United States, hotspots of hardwood, though richer in species, were shown to be similar in species composition to the surrounding communities. In contrast, riparian hotspots were unique in species composition, including a high number of cyanophilic lichens (Peterson & McCune 2003) . McCune & al. (2002) studied macrolichen species richness of streams in the NW United States and found that species listed as rare or threatened were more concentrated along streams than macrolichens in general, especially along the larger streams. There was also a tendency for cyanolichens to increase with stand age. These few examples underline the importance of azonal vegetation types for increasing biodiversity in a given area.
Conservation of lichen-rich epiphytic habitats in Europe has mainly focused on old-growth forests and habitat continuity (e.g. Rose 1992 ). This is rightly important for the conservation of lichens, as indeed it is for the conservation of many other organisms. Although they often support a rich and interesting lichen flora, riparian habitats have so far attracted limited attention (McCune & al. 2002; Peterson & McCune 2003; present study) .
In general, riparian plane forests in Greece are important in maintaining a high diversity of lichens on a landscape scale. The lichen flora of the plane trees in riparian forests in the mountainous areas of Greece would appear to be unique on a European scale. It is, therefore, important, both on a European level and on a national Greek level, to preserve this special habitat. It not only harbours as many as 13 species not found in other biotopes in Greece, it also harbours an array of cyanophilic and other hygrophytic species that, though they each are not exclu-sive to Platanus, compose an epiphytic vegetation unique to riparian plane forests.
In planning a protection programme for the riparian plane forests it is important to preserve not only those sites with the richest flora. Riparian forest within different zonal vegetation types should be represented, as should examples of riparian forest along both waterbearing and summer-dry streams. Greek authorities are strongly recommended to initiate measures for the protection and proper management of representative riparian plane forests in order to preserve this unique habitat and its special epiphytic flora. It is not only important in a Greek context, but is also of high conservation value on a European scale.
